Abstract. Our objective was to infer the climate drivers of regionally synchronous fire years in dry forests of the U.S. northern Rockies in Idaho and western Montana. During our analysis period (1650-1900), we reconstructed fires from 9245 fire scars on 576 trees (mostly ponderosa pine, Pinus ponderosa P. & C. Lawson) at 21 sites and compared them to existing tree-ring reconstructions of climate (temperature and the Palmer Drought Severity Index [PDSI]) and large-scale climate patterns that affect modern spring climate in this region (El Nin˜o-Southern Oscillation [ENSO] and the Pacific Decadal Oscillation [PDO]). We identified 32 regional-fire years as those with five or more sites with fire. Fires were remarkably widespread during such years, including one year (1748) in which fires were recorded at 10 sites across what are today seven national forests plus one site on state land. During regional-fire years, spring-summers were significantly warm and summers were significantly warm-dry whereas the opposite conditions prevailed during the 99 years when no fires were recorded at any of our sites (no-fire years). Climate in prior years was not significantly associated with regional-or no-fire years. Years when fire was recorded at only a few of our sites occurred under a broad range of climate conditions, highlighting the fact that the regional climate drivers of fire are most evident when fires are synchronized across a large area. No-fire years tended to occur during La Nin˜a years, which tend to have anomalously deep snowpacks in this region. However, ENSO was not a significant driver of regional-fire years, consistent with the greater influence of La Nin˜a than El Nin˜o conditions on the spring climate of this region. PDO was not a significant driver of past fire, despite being a strong driver of modern spring climate and modern regional-fire years in the northern Rockies.
INTRODUCTION
Annual extremes in fire-season climate synchronized the occurrence of fires across broad regions of western North America for at least several centuries in the past (e.g., Swetnam and Betancourt 1998 , Veblen et al. 1999 , Heyerdahl and Alvarado 2003 , Swetnam and Baisan 2003 , Kitzberger et al. 2007 ) and continued to do so throughout the 20th century (e.g., , Collins et al. 2006 , Morgan et al. 2008 . Although the importance of summer drought in driving regionalfire years has long been recognized, the potential role of warm springs in synchronizing regional fire in the northern United States has been suggested for historical and modern fires but only recently confirmed for the 20th century (Balling et al. 1992 , Heyerdahl et al. 2002 , Hessl et al. 2004 , Westerling et al. 2006 , Morgan et al. 2008 . Late 20th-century trends toward warm, early springs have been associated with increased forest fire activity and further increases in temperatures projected under plausible climatic change scenarios imply a greater frequency of regional-fire years in the 21st century (Running 2006 , Westerling et al. 2006 . Assessing the potential impact of climatic change on forest fire activity in the western United States requires that we understand the climate drivers of regionally synchronous fires before any recent changes in climate.
The U.S. northern Rockies in Idaho and western Montana are a critical region for understanding both past and present climate drivers of fire. Repeatedly during the 20th century, this region experienced regionally extensive fires that led to changes in national fire policy (Pyne et al. 1996) . The late 20th-century increase in large forest fires was greater in the northern Rockies than other regions of the western United States (Westerling et al. 2006) , a region where fire and climatedriven changes in fire have had significant implications for vegetation composition and structure (Whitlock et al. 2003) . However, this region lacks a network of annually accurate histories of pre-20th-century fire from which we could identify past climate drivers, despite abundant fire-scar evidence in dry forests, i.e., those dominated or co-dominated by ponderosa pine.
In the northern Rockies, spring and summer climate have varied through time (Briffa et al. 1992 , Cook et al. 2004 ) and warm-dry summers have been inferred as 3 E-mail: eheyerdahl@fs.fed.us significant drivers of historical fires in some subalpine forests of the region (Kipfmueller 2003) . The fire season in dry forests here begins after annual snowpacks have melted in the late spring to early summer (Serreze et al. 1999) . Despite variation in local climate and topography, empirical and modeling studies have demonstrated that relatively warm springs historically resulted in relatively earlier melting of snowpacks at sites spanning a broad range of elevations across the region (Hamlet et al. 2005 , Mote 2006 , Westerling et al. 2006 . These relatively warm springs are partly driven by large-scale climate patterns. Following El Nin˜o events, winters and springs in this region tend to be anomalously dry and warm which results in anomalously shallow snowpacks while La Nin˜a events lead to anomalously deep snowpacks (Redmond and Koch 1991 , Gershunov et al. 1999 , Harshberger et al. 2002 , Mantua 2002 , McCabe and Dettinger 2002 . PDO affects spring climate in the northern Rockies in a manner similar to ENSO but varies on a longer time scale (Mantua et al. 1997, McCabe and Dettinger 2002) . PDO was an important driver of 20th-century fires in the northern Rockies (Morgan et al. 2008 ) and elsewhere in the inland Northwest (Westerling and Swetnam 2003 , Gedalof et al. 2005 , Collins et al. 2006 . Interannual variations in PDO, sometimes interacting with ENSO, account for roughly a third of the variance in modern spring snowpack in the region (Gershunov and Barnett 1998 , Harshberger et al. 2002 , McCabe and Dettinger 2002 .
Interactions of ENSO and PDO elsewhere in the interior West are associated with historical fire activity (Schoennagel et al. 2005 , Sibold and Veblen 2006 , Kitzberger et al. 2007 . It is likely that annually and decadally varying spring and summer climate and large-scale climate patterns synchronized past fire across the northern Rockies as well. However, the climate drivers of past fire in this region have not yet been examined across broad spatial scales using fire records with annual accuracy.
Our objective was to infer the climate drivers of past regionally synchronous fires in dry forests (dominated or co-dominated by ponderosa pine) in the northern Rockies. We reconstructed past fires from fire scars at 21 sites in Idaho and Montana west of the Continental Divide, and compared them to existing tree-ring reconstructions of climate (temperature and PDSI) and to large-scale climate patterns that affect modern spring climate in this region (ENSO and PDO).
STUDY AREA

Modern instrumental climate
The climate of the study area is continental, with cold winters and warm summers. All but one of our sites (FLA; Table 1) lie within two climate divisions (Idaho division 4 or Montana division 1; data available online).
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Mean January temperature in these divisions is À58 and À68C and mean July temperature is 188 and 198C, respectively (1895-2005) . Mean annual precipitation is low, more so in Montana than Idaho (49 and 68 cm, respectively, 1895-2005) and much of this falls as snow in winter (62%, 1963 Serreze et al. 1999) . Snow-water equivalent at elevations averaging 1905 m (range 960-2790 m) in the study area generally peaks in mid-April and drops to zero by early July (Serreze et al. 1999) . Variation in montane snow-water equivalent on 1 April is highly coherent across the region (Clark et al. 2001 ).
Tree-ring reconstructed climate
We used tree-ring reconstructions of two climate parameters (temperature and PDSI) and two indices of large-scale climate patterns (ENSO and PDO). We used a gridded reconstruction of spring-summer temperature (April-September), which is expressed as the departure from mean temperature during the reference period 1951 -1970 (Briffa et al. 1992 . Reconstructed temperature at grid point 13, the one closest to our study area ( Fig. 1) , is significantly correlated with instrumental temperature only during the months of April, May, and August, but captures more of the variation in spring than summer (April-May, r ¼ 0.59, P , 0.0001; August, r ¼ 0.38, P ¼ 0.0004, average normalized temperature from Idaho division 4 and Montana division 1, . The correlation of reconstructed temperature with combined spring and summer temperature (AprilSeptember) is higher than that for either season (r ¼ 0.69, P , 0.0001) and temperature in these two seasons is not significantly correlated (r ¼ 0.18, P ¼ 0. 1064, , indicating that both seasons contribute to the reconstruction.
We used a gridded reconstruction of PDSI (JuneAugust, Cook et al. 2004) . PDSI was significantly correlated among the six grid points nearest the study area and west of the Continental Divide (54, 55, 56, 67, 68 , and 69, Fig. 1 ; pairwise r ¼ 0.65-0.98, 1650-1900, P , 0.0001). Therefore, we used average PDSI across the six grid points. This average is significantly correlated with instrumental temperature only during the months of June and July (r ¼ À0.59, P , 0. 0001, and with instrumental precipitation only during the months of May, June, and July (r ¼ 0.65, P , 0.0001). Our two reconstructed indices of climate (PDSI and temperature) are significantly correlated (À0.30, P , 0.0001, 1650-1900).
As indices of large-scale climate patterns, we used tree-ring reconstructions of PDO and ENSO. The ENSO reconstruction is for the season with the greatest impact on spring climate in the study area (DecemberFebruary Nin˜o-3; D'Arrigo et al. 2005) . Of the several published reconstructions of PDO, we selected those most highly correlated with instrumental spring PDO (March-May; r ¼ 0.62, 0.70, and 0.71; all P , 0.0001; D' Arrigo et al. 2001 , Shen et al. 2006 , the season with the greatest effect on modern temperature (r ¼ 0.50, P , 0.0001 for March-May temperature and instrumental PDO, 1901 PDO, -2001 and modern regional-fire years in the Northern Rockies (Morgan et al. 2008 ).
METHODS
Fire history
We sampled 21 sites historically dominated by ponderosa pine because fire scars are well preserved on this resinous species (Fig. 1 , Table 1 ). The nearest-neighbor distance between sites averaged 47 km (range 8-162 km). Most sites (90%) lie between 760 and 1530 m, and slope and aspect varied within and among sites. We used a chain saw to remove fire-scarred partial sections from those trees with the greatest number of well-preserved visible scars (Arno and Sneck 1977) . We sampled 11-46 (average 27) trees per site across an area of 2-148 ha (average 32 ha). At one site (LUB), 46 samples were collected over a relatively large area (379 ha) for another study (L. A. Jones, personal communication). To mimic sampling at our other sites, we sub-sampled these data by selecting those 20 trees with the greatest number of fire scars. These trees were sampled over 70 ha.
We sanded the scarred sections until the cell structure was visible with a binocular microscope and assigned Table 1 . The range of ponderosa pine, the primary fire-scarred species sampled for this study, is hatched (range data available online at hesp.cr.usgs.gov/data/atlas/little/pinupond.pdf i. Grid points of existing tree-ring reconstructed PDSI (Palmer Drought Severity Index) and temperature that we used are indicated on the lower map (P and T, respectively [Briffa et al. 1992 , Cook et al. 2004 ). calendar years to tree rings by visually crossdating ring widths on each sample among trees and sites. We also cross-correlated measured ring widths with tree-ring reconstructed PDSI for 15% of the trees (grid points 68 and 69 [Grissino-Mayer 2001a , Cook et al. 2004 ). We identified the calendar year in which each scar formed as the year of fire occurrence (Dieterich and Swetnam 1984) and noted its intra-ring position (earlywood, latewood, or ring boundary). In the northern Rockies, ring boundaries span two calendar years, from the time the cambium stops growing one year until it resumes the following year. We generally assigned ring-boundary scars to the preceding calendar year because modern fires near the study area commonly burn in mid to late summer (Schmidt et al. 2002) . However, scars from a given fire can have a range of intra-annual positions because the timing of radial growth varies among trees at a site (Fritts 1976) . Therefore, when some ringboundary scars occurred in one year but many earlyseason scars occurred the following year at the same site, we assumed the scars in both positions were created by a fire that burned before the trees with ring-boundary scars began radial growth and therefore assigned the ring-boundary scars to the following year (37 scar dates). In addition to fire scars, we obtained a small amount of supporting evidence of fire (5% of all fire dates) from eroded fire scars, those with much of the overlapping, curled woundwood rings destroyed by subsequent fires or rot.
At each site, we combined fire-scar dates from all trees into a composite record and identified fire years as those in which at least two trees had fire scars and recording years as those for which at least two trees had scarred at least once. Although scars dated from 1501 to 1987, we analyzed the climate drivers of fire only from 1650 to 1900, the period when most sites were recording (!95% of sites recording from 1650 to 1887, !71% of sites recording from 1888 to 1900). We placed all years in this period into one of three categories: (1) no-fire years had no fires recorded at any site; (2) local-fire years had fire at one to four sites; and (3) regional-fire years had fire at five or more sites. We identified regional-fire years as those at or exceeding the 90th percentile in sites with fire, i.e., those with five or more sites. However, because there are eight years with five or more sites with fire, the actual percentile is the 88th.
Climate drivers of fire
To infer the influence of climate on fire, including climate during antecedent years, we assessed whether climate during no-, local-, or regional-fire years differed significantly during the fire year or the preceding or following years (63 years) using superposed epoch analysis (SEA; Baisan and Swetnam 1990 , Swetnam and Betancourt 1998 , Grissino-Mayer 2001b . For each fireyear category, we computed departures in three indices: temperature, PDSI, and Nin˜o-3. The time series of PDSI was white noise but those for temperature and Nin˜o-3 were not (P ¼ 0.1071, P , 0.0001, and P , 0.0001, respectively; SAS PROC ARIMA autocorrelation test for white noise using six lags [SAS Institute 2003] ). Therefore, to meet the assumptions of SEA, we prewhitened the temperature and Nin˜o-3 time series by fitting autoregressive integrated moving average models based on lowest Akaike's information criterion and significant but uncorrelated parameter estimates (MA(1) after first differencing and AR(2), for temperature and Nin˜o-3, respectively) and used the white noise residuals in the SEA (white noise test P ¼ 0.3702 and 0.3709, respectively). We identified significant climate departures as those exceeding 99% confidence intervals determined by bootstrapping (1000 trials; Mooney and Duval 1993, Grissino-Mayer 2001b) . Because the regional-fire years that occurred when temperature was below average were all after 1700, we repeated the SEA with regional-fire years from 1700 to 1900.
To identify the influence of combined climate phases for each category of fire synchrony (no-, local-, or regional-fire years), we tested whether the distribution of years among four climate phases (above or below average temperature and PDSI, 1650-1900) differed significantly from the distribution of all years among the four climate phases regardless of fire activity (chi-square goodness-of-fit tests, a ¼ 0.01 [Zar 1984 ]). We similarly tested the distribution of years among combined phases of large-scale climate patterns (ENSO and PDO) for each of the fire synchrony categories. We repeated these tests with each of the three PDO reconstructions (D'Arrigo et al. 2001 , Shen et al. 2006 ). If we rejected the null hypothesis of no difference, we repeated the test with subsets of climate phases to determine if the disagreement between observed and expected numbers of fire years was significantly concentrated in those subsets (Zar 1984) .
RESULTS
Fire history
We removed fire-scarred partial sections from 614 trees (average of 1.6 partial sections per tree), most of which were dead when sampled (93%). Most were ponderosa pine (98%), but we sampled a few western larch (Larix occidentalis Nutt.) and Rocky Mountain Douglas-fir (Pseudotsuga menziesii var. glauca (Beissn.) Franco) trees. We could not cross-date sections from 7% of the sampled trees and so excluded them from further analyses. From the 576 cross-dated trees, we identified 9245 fire scars and eroded fire scars during the analysis period (1650-1900) from which we identified nine to 40 years (average 22) with at least two fire scars per site (Table 1) .
We categorized the analysis period into 99 no-fire years, 120 local-fire years, and 32 regional-fire years. Regional-fire years occurred every eight years on average (range 1-19, Fig. 2 ). The year of maximum fire synchrony was 1889, when 12 sites (57%) had two or more fire scars. Fires were recorded at sites in both Montana and Idaho during all but three of the 32 regional-fire years. The fire-scar dates and associated metadata are available from the International Multiproxy Paleofire Database (available online).
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Climate drivers of fire Climate during the fire year synchronized historical fire activity in dry forests across the northern Rockies but climate in antecedent years did not (Fig. 3) . Average temperature was significantly warm during regional-fire years during both periods tested (1700-1900 not shown) (2001) . The temperature time series shows departure from À0.118C, the mean temperature during the reference period from 1951 to 1970 (Briffa et al. 1992) . Nin˜o-3 is the ENSO reconstruction for the season with the greatest impact on spring climate in the study area. PDSI is the Palmer Drought Severity Index. Climate condition gradients are on the right-hand axes.
and significantly cool during no-fire years. The longest period with no fires at any site (1697-1702, Fig. 2 ) occurred during a cool period (average reconstructed departure of À0.78C) that included three of the 12 coldest years during the analysis period. Consistent with the results for temperature, average PDSI was significantly warm-dry during regional-fire years and significantly cool-wet during no-fire years. Neither temperature nor PDSI departed significantly during local-fire years or during years preceding or following no-, local-, or regional-fire years.
Combined phases of climate synchronized fire activity in dry forests of the northern Rockies during regional-and no-fire years but not during local-fire years (Table 2, Fig. 4 ). For regional-and no-fire years, the distribution of years by combined phases of temperature and PDSI differed significantly from the distribution of all years by those phases (P , 0.0007, Table 2 , Fig.  4a , c) and the greatest differences were significantly concentrated in years when the temperature and PDSI departures were of opposite sign (P , 0.0001). More regional-fire years than expected (181%) occurred when temperature was above average and PDSI was below, and the nine years with the greatest number of sites recording fire occurred under these conditions (years with eight or more sites with fire). Fewer regional-fire years than expected (11%) occurred during the opposite climate conditions (cool and cool-wet). For no-fire years, fewer than expected (52%) occurred when conditions were warm and warm-dry while more than expected (164%) occurred under the opposite climate conditions (cool and cool-wet). The number of observed vs. expected regional-or no-years did not differ significantly when the departures of temperature and PDSI were of the same sign (P . 0.0851). The distribution of local-fire years by combined phases of PDSI and temperature did not differ significantly from the distribution of all years (P ¼ 0.2089, Table 2 ). Localfire years did occur when it was warm and warm-dry (temperature above average and PDSI below) but they also occurred under all other combinations of temperature and PDSI departures (Fig. 4b) .
The large-scale climate patterns we examined did not strongly synchronize fire activity in dry forests of the northern Rockies. Average Nin˜o-3 was significantly low (La Nin˜a years) during no-fire years but not during local-fire years or the years preceding or following no-or local-fire years (Fig. 3) . Average Nin˜o-3 was significantly low during the year following regional-fire years but we have no ecological explanation for a significant departure in climate following fire and suggest that this result is spurious. For all fire-year categories, , showing average departure in climate during 99 no-fire years (no fires at any site), 120 local-fire years (fires at 1-4 sites), and 32 regional-fire years (fires at five or more sites). Departures exceeding the 99% confidence intervals (dotted lines) are hatched. For this analysis, the temperature and Nin˜o-3 time series were prewhitened to remove autocorrelation. The temperature time series shows departure from À0.118C, the mean temperature during the reference period from 1951 to 1970 (Briffa et al. 1992 ).
(P . 0.0709; Table 2 
DISCUSSION
Fires occurred synchronously
For several centuries (1650-1900), years of regionally synchronous fire occurred frequently across our dryforest sites in the northern Rockies and were remarkably widespread during some of those years. In 1748, fires were recorded at 10 sites across what are today seven national forests plus one site on state land. No doubt fires were even more widespread during these years than we detected because the extent of 20th-century regionalfire years was quite large (117 167-1 167 458 ha; Gibson 2006) whereas we sampled a relatively small area (21 sites with a combined area of 667 ha).
Our fire-scar record contains little evidence of the 20th-century regional-fire years identified from a northern Rockies digital polygon fire atlas (Gibson 2006) , likely because most (77%) of our sampled trees were not alive to record fires after 1900 and because we selected sites lacking recent fires as such fires often consume existing fire scars. We purposefully sampled stumps, logs, and snags to obtain a long record. While we did not exclude live fire-scarred trees, they were not common at our sites. Only 50 (0.5%) of our fire scars formed after 1900 and we found evidence of only two of the 11 20th-century regional-fire years identified from the digital fire atlas (1910 and 1919; Gibson 2006) .
The frequency of past regionally synchronous fires in dry forests of the northern Rockies was similar to that in the southwestern United States (Swetnam and Baisan 2003) , consistent with sub-continental-scale teleconnections in climate and the climate drivers of fire synchrony (Hidalgo 2004 , Kitzberger et al. 2007 . From 1700 to 1900, 28 years in the northern Rockies and 20 years in the southwest exceeded the 90th percentile in sites with fire (equivalent to !25% of 63 sites in the southwest and !24% of 21 sites in the northern Rockies). Maximum annual synchrony in the Northern Rockies was 57% of sites recording fire vs. 65% in the Southwest. Although the frequency of regional-fire years is similar in these two regions, only three regional-fire years are common to both: 1729, 1748, and 1870, all years of west-wide drought (Cook et al. 2004 ). This similarity in the frequency of regional-fire years and their degree of synchrony occurred despite the fact that fires were generally less frequent at sites to the north. Although sites were not selected systematically in either region, our sites in the Northern Rockies recorded 8-36 fire years each (average 20 years per site), whereas sites in the southwest recorded 7-97 fire years each (average 32 years per site) during the same time period (1700-1900) over similarly sized sample areas (2-148 ha in the north vs. approximately 10-100 ha in the south).
Climate strongly synchronized fire activity
We used a temperature reconstruction for spring and summer combined (April-September, Briffa et al. 1992) but suggest that variation in both seasons influenced fire activity in our study area. First, both spring and summer temperature contributed to the half-year reconstruction we used. Second, no-fire years tended to occur during La Nin˜a conditions, when spring snowpacks tend to be anomalously deep here, indicating that spring conditions affected fire synchrony in the region. Finally, during 20th-century regional-fire years here, average temperature was significantly warm during both spring and summer (Morgan et al. 2008 ) and such years have been associated with early spring snowmelt (Westerling et al. 2006) . During some years in the 20th century (37%), April-May was relatively warm but the following August was cool, or vice versa, and some modern regional-fire years occurred when springs were warm but the summer fire season was relatively cool. Climate in Note: For each of the six combinations of fire-year category and combined climate phases, significance of departures from expected distributions was tested using a chi-square goodness-of-fit test.
both spring and summer likely synchronized fire activity in dry forests across this region by affecting both the length of the fire season and the moisture content of fuel during the fire season (Heyerdahl et al. 2002 , Hessl et al. 2004 , Westerling et al. 2006 . When spring-summers were warm, the snowpack that annually covered our sites likely melted earlier during the years of warm springs, lengthening the fire season by giving fine and coarse fuels more time to dry, thus increasing the probability of an early ignition (Westerling et al. 2006) . The relatively long fire seasons during these years would also allow more time for fires to spread. Not surprisingly, regional-fire years occurred when summer fire seasons were warm and dry, likely because fuel FIG. 4 . Influence of combined phases of tree-ring reconstructed climate (a-c, 1650-1900) and indices of large-scale climate patterns (d-f, 1700-1900) during regional-fire, local-fire, and no-fire years. The temperature time series shows departure from À0.118C, the mean temperature during the reference period from 1951 to 1970 (Briffa et al. 1992) . The diameter of the circles is proportional to the number of sites with fire, from no sites for the smallest diameter to 12 sites for the largest. Axes have been inverted for both Nin˜o-3 (D'Arrigo et al. 2005) and PDO (D'Arrigo et al. 2001 ) so that warm-dry conditions lie in the lower right quadrant in all panels.
moistures were low across the region, allowing fires to ignite and spread at numerous locations.
Prior year's climate was not an important driver of regional-fire years in the northern Rockies, likely because fine fuels were generally sufficient during most years to carry fire in the dry forests we sampled. In contrast, increased moisture in prior years has been inferred as a strong driver of fire in areas where such moisture increases the amount and continuity of grassy and herbaceous fuels but prevents those fuels from drying in time to burn that same year (e.g., Swetnam and Betancourt 1998 , Heyerdahl and Alvarado 2003 , Collins et al. 2006 .
Climate also synchronized a lack of fire across the northern Rockies in the past. Nearly half the no-fire years (48 years) occurred during years of cool springsummers and cool-wet summers, more than twice the number of no-fire years occurring under any other combination of temperature and PDSI (12-23 years; Table 2 ). Furthermore, the longest gap in fire in our record (seven years; 1696-1703) occurred during the longest period in which temperature was consistently below average and PDSI above average (Fig. 2) . These conditions are similar to those during a period of low fire extent that occurred during the mid-20th century in this region (Morgan et al. 2008) . Some no-fire years occurred under the warm-dry climate that led to regionally synchronous fire in other years, likely because fires were not ignited or the fires that were ignited did not spread. For fires reconstructed at 15 sites in the Pacific Northwest, only 18 years had no fires at any site compared to 99 such years during the same period at our sites (1651-1900), likely because the larger sampling area in the Pacific Northwest captured many more small fires (100 834 ha vs. 667 ha; Heyerdahl et al., in press ).
Local-fire years occurred under a broad range of regionally averaged climate, highlighting the fact that the climate drivers of fire are most evident when fires are synchronized across regions. During half the years in our analysis period (48%), fires burned at only a few sites. Some of these years had regionally cool springsummers and cool-wet summers, suggesting that regional indices of climate may not always capture variation at the local scale and that we likely did not include all the climate parameters that are important drivers of fire at the local scale.
Large-scale climate patterns weakly synchronized fire activity
In the northern Rockies, the climate drivers of past fires that we inferred for dry forests are similar to those inferred across all forest types during the 20th century, despite the confounding effects of land use and fire suppression. As in the past, 20th-century regional-fire years occurred during warm springs followed by warmdry summers but prior year's climate was not important (Morgan et al. 2008) . However, the role of large-scale climate patterns in synchronizing fire activity in the past differed from that in the 20th century. Modern regionalfire years occurred primarily during warm phases of PDO (1925 PDO ( -1946 PDO ( and 1977 but rarely during cool phases (1900 -1924 and 1947 -1976 Mantua et al. 1997) . We were surprised that past regional-fire years did not also vary with PDO given that 20th-century regional-fire years varied with this large-scale climate pattern both interannually and decadally and that spring temperature, the climate parameter most affected by PDO in this region, was important for our past regionalfire years. We suggest several possible explanations. First, while PDO has been operating over at least the past several centuries, its strength has fluctuated, with a decrease during the period 1650 -1850 (D'Arrigo et al. 2001 , Gedalof et al. 2002 , Hidalgo 2004 , Shen et al. 2006 ). This period includes most of our tree-ring reconstruction of fire and so could explain why our past regional-fire years did not vary with PDO. Second, the influence of large-scale climate patterns on past and modern regional-fire years may differ because the fire records are derived from different forest types. Our past regional-fire years were reconstructed in dry forests only whereas the modern regional-fire years were identified across all forest types. However, when fires were widespread in dry forest during modern regional-fire years, they were widespread in other forest types as well. During the 11 20th-century regional-fire years, an average of 34% of total annual fire extent occurred in dry forest (range 23-50%) with most of the remaining extent in cold and mesic forest (31 and 11%, respectively; Morgan et al. 2008) . These eleven years were also the years with the greatest fire extent in the dry forest record alone. Although this modern synchrony in fire across vegetation types suggests that the climate drivers of fire do not vary among these types, fire regimes changed abruptly in dry forests across much of the northern interior West around 1900 (e.g., Heyerdahl et al. 2002 , Hessl et al. 2004 . Fires in dry forests during the 20th century are less frequent and so may be more severe than they were in prior centuries so the climate drivers may vary among vegetation types but we cannot detect it with 20th-century data alone. Third, PDO may have been an important driver of past regional-fire years in this region but the tree-ring reconstructions of climate or fire that we used were not sufficient to detect such a relationship. However, one of the reconstructions of PDO that we used is significantly related to fire synchrony in subalpine forests elsewhere in the interior West (Schoennagel et al. 2005 , Sibold and Veblen 2006 , Kitzberger et al. 2007 ).
ENSO was not a significant driver of past regional-fire years but did affect no-fire years in the Northern Rockies, consistent with its influence on modern climate and fire in the region (Harshberger 2002 , Morgan et al. 2008 . The tendency for no-fire years to occur during La Nin˜a years is likely due to the anomalously deep snowpacks that tend to occur in this region during such years (Redmond and Koch 1991 , Gershunov et al. 1999 , Harshberger et al. 2002 , Mantua 2002 , McCabe and Dettinger 2002 . Such snowpacks are likely to take longer to melt and hence can result in shorter fire seasons and a lower probability of widespread fires. The lack of occurrence of past or the 20th century regionally synchronous fires during El Nin˜o years with their anomalously shallow snowpacks is consistent with the fact that La Nin˜a conditions have a greater impact on climate in this region than do El Nin˜o conditions (Redmond and Koch 1991 , Piechota and Dracup 1996 , Clark et al. 2001 , Harshburger et al. 2002 . Springsummer temperature and moisture are the primary drivers of fire in our study area and while ENSO and PDO are responsible for some variation in spring climate in the northern Rockies (Harshberger et al. 2002, McCabe and Dettinger 2002) , the climate conditions that are conducive to regionally synchronous fires can occur here regardless of the phases of ENSO and PDO.
Implications for future regional synchrony of fire activity Anticipating the potential for major wildland fire years within and among regions of the western United States is critical both for planning wildland fire use and for allocating fire suppression resources. Climate-driven regional-fire years occurred frequently in the past and have continued to occur in the 20th century despite intensive land use and fire suppression (Morgan et al. 2008 ). In the future, regional-fire years may become more frequent if model predictions of earlier melting of snowpack under greenhouse gas and aerosol induced climatic change are realized (McCabe and Wolock 1999 , Kittel et al. 2002 , Mote 2006 ). Some models indicate that the snow-free season in the Northern Rockies may increase in length by one to two months by 2030, largely due to increases in spring and early summer temperatures and possibly due to less winter precipitation falling as snow Wolock 1999, Kittel et al. 2002) . If spring temperatures continue to warm, snowpacks will likely melt at relatively high elevations in forest types where fire regimes were historically more severe. If severe fires in these forests are as widespread during regional-fire years as surface fires were in dry forests in the past, they will be difficult to manage. Although stand-replacing fires are not necessarily anomalous in high elevation forests of this region, an increase in the frequency of such fires due to greenhouse-gas induced warming may still lead to changes in forest structure and composition that are outside their historical range of variation. These more frequent severe fires could have broad ecological implications if they reset succession over large areas (Turner et al. 1998 ), contribute to a positive feedback whereby extensive fires become more likely (Veblen et al. 1999) , affect habitat for species of conservation concern, and alter regional forest carbon, water, and nutrient cycles (Mote 2006 , Running 2006 .
